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Ways of detecting WIMP dark matter:

(in order of increasing speculation)

•Gravitational force (rot. curves, lensing, CMB)
•Direct detection (e.g. nuclear scattering)
•Annihilation (gamma-rays, particles, microwaves)
•Inelastic scattering (pairs, cluster heating, BHs)

We will focus on the last two.
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For a thermal 
relic of the Big 
Bang, relic 
density depends 
on annihilation 
cross section at 
freeze-out. 

Jungmann, Kamionkowski, & 
Greist (1996)
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After freeze out, annihilation is negligible until 
galaxies form and densities are relatively high again. 

In the inner Milky Way, annihilation rates are high 
enough that the gamma-rays and synchrotron 
emission from annihilation products may be visible.

Substructure could also enhance annihilation
by a factor of few - several. 

Subhalos themselves may be detectable. 
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What is the gamma-ray spectrum of DM 
annihilation?

Assume we go through b quarks.  (Z,W bosons
give similar results). 
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Baltz, Taylor, & Wai (2007)
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How many of these will GLAST detect?
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Baltz, Taylor, & Wai (2007)
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Baltz, Taylor, & Wai (2007)
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These estimates are fairly generic, assuming plain 
vanilla MSSM WIMPs annihilating through quarks. 
This is the best guess.

What if the WIMPs annihilate some other way
(e.g. through an intermediate scalar boson) ?

Then what signals would we look for?



GLAST workshop,  June 21, 2007Exciting Dark Matter

Signals have already been observed that are 
consistent with WIMP annihilation, though there 
may be (exotic) astrophysical explanations as well. 

EGRET excess  (few GeV gammas, Galactic center)
HEAT excess    (10-50 GeV positrons near Earth)
WMAP excess  (microwaves from Galactic center)
OSSE excess    (511 keV gammas from GC)

Do these have anything to do with each other?



XDM  FNAL, May 10, 2007



Hooper, Finkbeiner, & Dobler (2007)



Padmanabhan & Finkbeiner in prep.

GALPROP runs with 
electrons ONLY. 

Inverse Compton 
dominates. 

Cutoff determined by 
KN limit.
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The same electrons required to produce the 
WMAP “haze” excess would produce the EGRET
~10 GeV excess. 

Confirmation of the EGRET spectrum of the inner 
Galaxy by GLAST would be very strong evidence 
of a peculiar (hard) electron spectrum in the inner 
Milky Way. 

What has this to do with DM annihilation?
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The Exciting Dark Matter (XDM) model 
(Finkbeiner & Weiner 2007) was engineered
to explain the 511 keV positronium excess in the 
center of the Milky Way with inelastic DM 
scattering.  



Normalized to the Haze (with NFW profile)

1016 G. Weidenspointner et al.: The sky distribution of positronium continuum emission
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Fig. 1. A Richardson-Lucy sky map of extended emission in the summed Ps analysis intervals (the combination of the intervals 410–430,
447−465, and 490–500 keV). The contour levels indicate intensity levels of 10−2, 10−3, and 10−4 ph cm−2 s−1 sr−1. Details are given in the text.

above about 300 keV, and since we are analyzing rather nar-
row energy intervals above 400 keV the fact that we do not
yet detect them is not surprising. We therefore conclude that
the point sources found by us using SPIROS are all spurious,
resulting from SPIROS’ attempt to account for intrinsically dif-
fuse emission with a set of point sources.

3.2. Model fitting

A more quantitative approach for studying the Galactic dis-
tribution of the observed extended emission is model fit-
ting, which we performed using a maximum likelihood multi-
component fitting algorithm (Knödlseder et al. 2005) outlined
in Sect. 2.

We first modelled the emission in the three summed
Ps analysis intervals4 by an ellipsoidal distribution with a
Gaussian radial profile and determined the best-fit centroid
location (l0, b0) and extent in Galactic longitude and latitude
(FWHMl, FWHMb). We then combined this Galactic bulge
model with one of two models for emission from the Galactic
disk: both HI (Dickey & Lockman 1990) and CO (Dame et al.
1987) distributions are tracers of Galactic matter and are be-
lieved to correlate with diffuse emission (cf. Harris et al. 1990;
Kinzer et al. 1999; Strong et al. 2004). The results of these fits
are summarized in Table 1. In each of these fits, the Crab and
Cygnus X-1 were included as steady point sources whose in-
tensities were fitted. When including the four highest-energy
sources reported by Bouchet et al. (2005) the quality of the fits
is only slightly improved and the fit results do not change sig-
nificantly; therefore these point sources were excluded from the
final analysis.

As can be seen from Table 1, the centroid of the bulge
emission is the same within errors for all three models. There
is marginal evidence for a slight offset of the centroid from
the GC, but it is of a magnitude that could easily result from

4 Results for the individual energy intervals are consistent within
statistical uncertainties.

the combined effects of statistical and systematic biases in the
background model (indeed, there is a similarly marginal, but
opposite, offset of the centroid in the 511 keV line emission;
Knödlseder et al. 2005). The extent of the bulge emission, and
its flux, do depend on the sky model. If the extended emission
is modelled by a bulge component only, then there is marginal
evidence for the bulge emission to be more extended in lon-
gitude than in latitude (the ellipticity ε ≡ FWHMb/FWHMl

deviates by about 1.5σ from unity). However, inclusion of a
Galactic disk component improves the fits, with the signifi-
cances of the HI distribution and of the CO distribution being
about 2.8σ and 4.0σ, respectively, favouring the latter. Another
reason to adopt the CO distribution as the better disk model
of the two is the fact that the resulting total sky flux of about
(2.8±0.5)×10−3 ph cm−2 s−1 agrees well with the value of about
2.5 × 10−3 ph cm−2 s−1 determined with SMM5 in the Ps anal-
ysis intervals, whereas the total bulge and HI disk model flux
of (5.4 ± 1.5) × 10−3 ph cm−2 s−1 is only marginally consistent
with the SMM spectrum of Harris et al. (1990).

Inclusion of a Galactic disk component in the fits also ren-
ders evidence for ellipticity of the bulge component insignif-
icant. The bulge shape is consistent with circular symmetry,
with a FWHM of about 8◦, in agreement with our results for the
511 keV line (Knödlseder et al. 2005). As is the case for the an-
nihilation line, the extent of the Ps continuum bulge emission
is slightly larger than that derived by Kinzer et al. (2001) from
OSSE observations. However, the difference is not very signif-
icant, and it is possible that there is bias in the OSSE analysis
favouring a smaller bulge extent (Kinzer et al. 2001).

The fluxes that are attributed to the disk components exceed
the bulge flux by factors of 2−4 (see Table 1). However, since
the disk flux is distributed over a much larger sky region, the
corresponding surface brightness is much lower. The model fits
therefore confirm the mapping result: the intensity of extented

5 The Gamma Ray Spectrometer on board the Solar Maximum
Mission (Forrest et al. 1980).

(2006)
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XDM WIMPs annihilate through a light chargeless 
boson, and so annihilate almost purely to e+ e- 
with very few direct gammas.  

May not interact with SM particles at all. 

It’s possible that WIMPs would only be detected 
through their contribution to e+ e- spectrum. 
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Conclusions:

It is likely that GLAST will yield information about 
WIMPs. 

It may not do it in the ways we are thinking about. 

Either way, GLAST makes a critical contribution to 
the search for WIMP annihilation. 

 




